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Dear Sir: 

This is an appeal from the Office Communication dated June 27, 2005 in 
response to the Applicants' reply filed June 13, 2005 regarding the Examiner's 
assertion that the application is not in condition for allowance. The Examiner § 
explained in the Advisory Action dated June 27, 2005 that the Applicants' S 
arguments concerning motivation to combine and miniaturization, inoperability 6J 



combination, and destroying the references were not deemed persuasive as 
already set forth in the final rejection. 1 

I. REAL PARTY IN INTEREST 

The real party in interest is the assignee of the present patent application, 
MTD Southwest, Inc. 

Bank One, N.A. has a security interest assigned to it by MTD Southwest, 

Inc. 

II. RELATED APPEALS AND INTERFERENCES 
There are no related appeals or interferences. 

III. STATUS OF CLAIMS 

The status of the claims is as follows: 
Claims 1-7 have been cancelled. 
Claims 8-19 are pending in the present application. 
Claims 8-19 are finally rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kovacs (DE 3335962) in view of Takada et al. (JP 61-39416). 

IV. STATUS OF AMENDMENTS 

All amendments have been entered. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

Applicants disclose and claim the first hand-held, power tool utilizing a 
four-cycle engine adapted to be carried by an operator in use. Before Applicants' 
invention, operator-carried, hand-held power tools existed, but they used electric 
motors or two stroke engines, not four cycle engines as claimed. Independent 

1 On July 13, 2005, Appellants filed a Notice of Appeal. Since the Notice of Appeal was filed 
within three months of the mailing date of the Final Office Action and the present Appeal Brief is 
being filed within two months of the filing of the Notice of Appeal, the present Appeal Brief is 
timely filed. 
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Claims 8 and 14 are directed to a hand-held, portable power tool having a 
lightweight, four-cycle engine. An exemplary embodiment of a hand-held, 
portable power tool is shown in the application, attached hereto at Tab A, in 
Figure 1 and described at page 5 line 26 through page 6, line 10. The portable 
power tool includes a frame (22) to which a handle (24, 26) is operatively 
attached thereto. A rotary-driven implement (32) cooperates with the frame (22). 
The handle allows a user to grasp the frame and control the movement of the 
implement. The implement is disposed at one end of the frame such that the 
weight of the implement is balanced by an engine (30) disposed at the opposing 
end of the frame. 

The key to Applicants' invention is the use of a novel four-cycle engine 
instead of the conventionally used two-cycle engine. Before Applicants' 
invention, a four-cycle engine had never been used for a hand-held, operator- 
carried power tool. Indeed, it was impossible because four-cycle engines 
"/sighed in excess of 40 pounds. Judith Anne G-UJither, The Little Engine that 
Could, Popular Science, March 1993, at 90, 92. 2 Such an engine could never be 
used in a hand-held, operator-carried application. Applicants' engine was 
uniquely designed so that it was compact and light enough to be used on an 
operator-carried, hand-held power tool. It also included a lubrication system that 
enabled the tool to be used in a wide variety of orientations. 

The engine is lightweight and compact as a result of the materials used, 
and the engineered design and architecture. The engine design and lubrication 
system is shown in Figures 2-10 and fully described in the specification 
beginning on page 5, Iine11 through page 10, line 22. 



2 This article was first made of record in an Information Disclosure Statement with the originally- 
filed application on September 19, 2003 as reference A48. Because the Applicants had received 
no indication that the Examiner had considered this reference prior to the filing of the Request for 
Continued Examinatin, this article was re-submitted in an Information Disclosure Statement with 
the Request for Continued Examination on November 12, 2004 as reference B56. The relevant 
portions of this article were then explained to the Examiner by the Applicants in the Amendment 
filed on March 28, 2005 and in the Response to Office Action filed June 13, 2005. 



3 



VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



1 . Whether Claims 8-1 9 are obvious under 35 U.S.C. § 1 03(a) with 
respect to Kovacs in view of Takada et al. 

VII. ARGUMENT 

A. Ciaoms 8-19 are not obvious under 35 U.S.C. § 103(a) with 
respect to Kovacs in view of Takada et al. 

Claims 8-19 were finally rejected in the Final Office Action of April 14, 

2005 under 35 U.S.C. § 103(a) as being obvious with respect to Kovacs (DE 

3335962), attached hereto at Tab B, in view of Takada et al. (JP 61-39416), 

attached hereto at Tab C. 

1. Examiner Failed to Establish a Prima Facie Case of 
Obviousness 

During prosecution of a patent application, the Examiner has the initial 
burden of establishing a prima facie case of obviousness under 35 U.S.C. § 103. 
In re Fine, 837 F.2d 1071, 1074 (Fed. Cir. 1992). According to the Manual of 
Patent Examining Procedure, three criteria must be met in order for the Examiner 
to establish a prima facie case of obviousness. MPEP § 706.02(j). First, the 
Examiner must be able to show "some suggestion or motivation, either in the 
references themselves or in the knowledge generally available to one of ordinary 
skill in the art, to modify the reference or to combine reference teachings." Id. 
Next, "there must be a reasonable expectation of success." Id. Finally, "the prior 
art reference (or references when combined) must teach or suggest all the claim 
limitations." Id. 

The Examiner can satisfy this burden only by showing some objective 
teaching in the prior art or knowledge of one skilled in the art that would lead one 
to combine the teachings of the relevant references. In re Fine, 837 F.2d at 
1074. Merely because references can be combined or modified does not render 
the resultant combination obvious unless the desirability of the combination is 
suggested in the prior art. MPEP § 2143.01 (citing In re Mills, 916 F.2d 680 
(Fed. Cir. 1990)). The Federal Circuit has required that "particular findings must 
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be made as to the reason the skilled artisan, with no knowledge of the claimed 

invention, would have these components for combination in the manner claimed." 

In re Kotzab, 217 F.3d 1365, 1371 (Fed. Cir. 2000). Additionally, identification of 

each claimed part in the prior art is insufficient to defeat patentability of the whole 

claimed invention. Id. An element-by-element or limitation-by-limitation analysis 

of claims by picking and choosing claim elements or limitations from at least one 

piece of prior art is insufficient to establish obviousness without clearly pointing 

out a teaching or motivation to combine each of the elements in the references. 

In re Dembiczak, 175 F.3d 994, 1000 (Fed. Cir. 1999). Moreover, "whether a 

particular combination might be "obvious to try" is not a legitimate test of 

patentability." In re Fine, 837 F.2d at 1075. 

a. There is No Motivation For Combining Kovacs and 
Takada et al. Because Combining Them Impermissibly 
Changes the Principle Operation of Those References 

In the present application, the Examiner has chosen aspects of Kovacs to 
be combined with aspects of Takada et al. on a limitation-by-limitation basis, but 
the Examiner fails to provide a teaching or showing that one of ordinary skill in 
the art would know or be prompted to make such a combination. Applicants 
submit that one of ordinary skill in the art would not be motivated to combine the 
teachings of Kovacs with those of Takada et al. because the combination would 
result in something that eliminates required features of one or both of the 
references. A combination that changes the principle of operation of the 
allegedly invalidating references is not sufficient to render the claims prima facie 
obvious. In re Ratti, 270 F.2d 810, 813 (CCPA 1959); see also In re Fritch, 972 
F.2d 1260, 1265 n.12 (Fed. Cir. 1992); In re Gordon, 733 F.2d 900, 902, 221 
USPQ 1125, 1127 (Fed. Cir. 1984); MPEP § 2143.01. Here, Kovacs specifically 
discloses certain important engine features that are drastically different from 
those in Takada et al. For example, Kovacs requires that "the engine is built with 
an inlet and outlet in the cylinder head' (Tab B, p. 2). Further, Kovacs requires 
two inlet openings (Tab B, p. 2), the second being in the cylinder center (Tab B, 
p. 2). By comparison, Takada et al. requires that the inlet and outlet valves as 
well as the mechanism for operating the valves be "provided above the cylinder 
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head" (Tab C, p. 2). Thus, the structures of Kovacs and Takada et al. are not 

compatible and any combination of the two would significantly alter the structure 

disclosed by each of those references. In such a situation, the combination is 

improper and cannot establish a prima facie case of obviousness. In re Ratti, 

270 F.2d at 813; see also in re Fritch, 972 F.2d at 1265 n.12; In re Gordon, 733 

F.2d at 902; MPEP § 2143.01. 

b. Examiner Provides No Teaching or Showing that There 
Would Be a "Reasonable Expectation of Success" in 
Combining Kovacs and Takada et al. 

There also is no teaching in Takada et al. as to how the disclosed 

lubrication system is capable of being adapted to be incorporated into different 

engines, let alone the engine disclosed in Kovacs. Without further teaching, it 

would not be obvious to one skilled in the art to combine the lubrication 

apparatus of Takada et al. with the four-cycle engine of Kovacs. Indeed, their 

incompatibility supports that one of ordinary skill in the art would not be motivated 

to make this combination as there would not "be a reasonable expectation of 

success." MPEP § 706.02(j). This is especially the case in this situation where 

the combination would destroy prior art references. Hence, the Examiner has 

failed to provide a prima facie case of obviousness as required in the Manual of 

Patent Examining Procedure § 2143. Therefore, Applicants submit that Claims 

8-19 are patentable over the prior art, and that the present apparatus is not an 

obvious combination of Takada et al. and Kovacs references. 

2. Examiner's Reliance on an Unclaimed Feature Does not 
Provide Motivation to Combine References 

With respect to Claims 8-1 3, these claims in the present form were 
originally allowed by the Examiner in the Notice of Allowability dated August 11, 
2004 (Tab D). The Kovacs reference that the Examiner is now asserting against 
the claims of the present application was originally submitted in an Information 
Disclosure Statement and corresponding Form PTO-1449 accompanying the 
originally-filed application. The Notice of Allowability dated August 1 1 , 2004 did 
not include the initialed Form PTO-1449 indicating that any of the references 
submitted by the Applicants had been considered by the Examiner. The issue 
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fee payment was due November 12, 2004, as indicated on the Notice of 
Allowability. The Examiner eventually considered the references submitted by 
the Applicants with the original application and disclosure and mailed a second 
Supplemental Notice of Allowability on November 4, 2004 (Tab E), one week 
before the issue fee payment was due. In this second Supplemental Notice of 
Allowability, the Examiner indicated that Claims 8-13 remained allowed in view of 
each piece of art submitted by the Applicants, which included the Kovacs 
reference. 

The Kovacs reference was submitted and considered by the Examiner 
when the second Supplemental Notice of Allowability was mailed, and Claims 8- 
13 remained allowed. The Takada et al. reference that the Examiner is using in 
combination with the Kovacs reference to reject these claims was submitted with 
the Applicants' Request for Continued Examination (Tab F). As indicated in the 
final Office Action dated April 14, 2005 (Tab G), the Examiner admits that Kovacs 
"does not show a clear reduction to practice of a hand-held 4-cycle engine," but 
then states that "one of ordinary skill in the art would clearly understand that 
construction would involve merely miniaturization." The Examiner continues, 
stating that "Kovacs fails to disclose details of a lubrication system; therefore, 
one of ordinary skill in the art would be motivated to use the system of Takada et 
al for the advantages listed therein." Thus, the Examiner is combining the 
Kovacs reference, over which the Examiner has previously granted allowance of 
Claims 8-13, with Takada et al. for which the Examiner contends discloses a 
lubrication system in order to reject Claims 8-13. 

However, independent Claim 8 does not require a lubrication system, 
thus making the Takada et al. an inappropriately applied reference. Instead, 
Claim 8 requires a frame, a handle, an implement, and a lightweight, four-cycle 
engine. While the Examiner is adamant that such a lubrication system would be 
required in such an engine, a lubrication system is not a required element of 
Claim 8, and to read such a limitation into Claim 8 is inappropriate. The 
Examiner points to no specific structural elements in the Takada et al. reference 
that are likewise recited in Claim 8 of the present application. Thus, the 
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Examiner erred in applying the Takada et al. reference to teach a lubrication 

system when no lubrication system is being claimed in Claim 8. 

Moreover, even if a lubrication system was required, the Examiner 

provides no further explanation of how the combination of the lubrication system 

taught in Takada et al. can be combined with Kovacs to teach the portable power 

tool having a four-cycle engine or even that one of ordinary skill in the art would 

believe that they could be combined. Therefore, Applicants contend that Claim 8 

remains in condition for allowance as previously determined by the Examiner 

because the Examiner's attempt to reject Claim 8 by combining a reference that 

teaches an unclaimed aspect with a reference that the Examiner has already 

recognized as being insufficient to teach the claimed invention is inappropriate. 

Applicants also assert that Claims 9-13 remain in condition for allowance for the 

same reasons as Claim 8 from which they depend. 

3. There is No Motivation to Combine Kovacs and Takada 
Because the Advantage of the Takada Lubrication System Is 



In addition to relying on an unclaimed feature, there is no need to combine 
the lubrication system of Takada into the Kovacs engine because the alleged 
benefit of the unclaimed lubrication system is already present in Kovacs. The 
engine disclosed by the Kovacs reference is directed to a four-cycle engine that 
includes a cylinder head having an inlet and outlet port located in the cylinder 
head and an inlet and outlet port located in the cylinder center. The Kovacs 
reference expressly states that "[t]he aim of the invention is to render the two- 
stroke engine uneconomical, firstly because the two-stroke engine has to be 
operated with mixture (petrol + oil)" (English translation) (Tab C, p. 3). Hence, 
Kovacs recognizes that a lubrication system located external from the 
combustion cylinder is necessary in order to allow for cleaner combustion as well 
as fuel savings. Contrary to the Examiner's position, Kovacs does teach a 
lubrication system for the four-cycle engine. The Takada et al. reference is 
directed to a lubrication system in which a rocker arm located above the 
combustion chamber is used to control the opening and closing of the inlet and 
outlet ports at the top of the cylinder head. The oil is transported to a rocker arm 
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chamber above the combustion chamber by way of an oil supply path and a 
return path, wherein the change in pressure in the crank chamber. The 
advantage taught by the Takada et al. reference is that "oil consumption can be 
reduce[d], while undesirable white smoke can be eliminated, even if the engine is 
inclined" (English translation) (Tab C, p. 7). This is the exact same benefit that 
already exists in Kovacs. There is simply no need to combine Kovacs and 
Takada. 

Moreover, even if a lubrication system was required, the Examiner 

provides no further explanation of how the combination of the lubrication system 

taught in Takada et al. can be combined with Kovacs to teach the portable power 

tool having a four-cycle engine or even that one of ordinary skill in the art would 

believe that they could be combined. Therefore, Applicants contend that Claim 8 

remains in condition for allowance as previously determined by the Examiner 

because the Examiner's attempt to reject Claim 8 by combining a reference that 

teaches an unclaimed aspect with a reference that the Examiner has already 

recognized as being insufficient to teach the claimed invention is inappropriate. 

Applicants also assert that Claims 9-13 remain in condition for allowance for the 

same reasons as Claim 8 from which they depend. 

4. Examiner's Conclusion Regarding Miniaturizing the 
Combination of Kovacs and Takada are Improper and 
Unsupported 

Finally, in addition to relying on an unclaimed and unneeded feature as 
motivation to make the Kovacs/Takada combination, the Examiner then 
completes the rejection of Claims 8-19 of the present application by arguing that 
it would have been obvious to one of ordinary skill in the art to merely miniaturize 
the combination of Kovacs and Takada et al. The Examiner further asserts that 
the reason miniaturization was never done previous to Applicants' application 
was only a matter of expense. However, the Examiner's purported reasoning 
that miniaturization was not done prior to Applicants' invention because of 
expense, and not technology, is not supported. The Examiner's conclusory 
statements by themselves are insufficient to amount to "evidence" of a motivation 
to combine references. In re Kotzab, 217 F.3d at 1370. 
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Contrary to the Examiner's reasoning, the scientific community recognized 
that miniaturization alone would not accomplish what Applicants have invented. 
For example, the 1993 Popular Science article titled The Little Engine That Could 
states that to characterize Ryobi's four-cycle engine as "just miniaturizing" is "an 
underestimate of the cleverness of the Ryobi engine design." (Tab H, p. 92). 3 
Additionally, "[s]uch dramatic downsizing required smaller components; some 
parts, such as the valves didn't exist and had to be designed and manufactured 
specifically for this engine." (Tab H, p. 92). The Examiner's contention that 
simply miniaturizing the combination of the four-cycle engine of Kovacs and 
combining it and the lubrication system of Takada et al. is inapposite in view of 
the findings of this article. Neither Kovacs nor Takada et al. disclosed a manner 
in which to miniaturize the two systems, and as the article indicates, such a 
combination was not as simple as the Examiner contends. The Examiner has 
not provided a teaching or motivation to combine Takada et al. and Kovacs. 
Such a combination and the further miniaturization of that combination is mere 
speculation that is made with the benefit of hindsight only, which is improper. In 
re Warner, 379 F.2d 1011, 1017 (C.C.P.A. 1967) (stating that "[a] rejection based 
on section 103 clearly must rest on a factual basis... [the Patent Office] may not, 
because it may doubt that the invention is patentable, resort to speculation, 
unfounded assumptions or hindsight reconstruction to supply deficiencies in its 
factual basis.); see also In re Fritch, 972 F.2d at 1266. Thus, the Examiner has 
not provided a prima facie case of obviousness by merely asserting that it would 
have been obvious to one of ordinary skill in the art to miniaturize the 
combination of Takada et al. and Kovacs. Therefore, Applicants submit that 
Claims 8-19 are patentable over the prior art, and that the present apparatus is 
not an obvious combination of Takada et al. and Kovacs. 

Further, there is no showing that the mere miniaturization of either the 
engine of Kovacs or the lubrication system of Takada et al. will necessarily result 
in a properly working engine for use on a portable, hand-held power tool. 



3 This article refers to Ryobi because the parent application was originally assigned to Ryobi. 
Ryobi has since transferred all of its rights to MTD Southwest, Inc. 
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Without a showing that mere miniaturization would accomplish that which is 
taught in Claims 8-19 the Examiner's contention simply amounts to speculation. 
In re Fritch, 972 F.2d at 1265-66 (stating that the mere fact that the prior art may 
be modified in the manner suggested by the Examiner does not make the 
modification obvious to one skilled in the art unless the prior art suggested the 
desirability of the modification). There is no teaching as to how the four-cycle 
engine taught in Kovacs or the lubrication system taught in Takada et al. can be 
miniaturized to provide a reduction in weight and size of an engine in order to be 
used with a hand-held tool. 

In view of the foregoing comments, Applicants respectfully submit that 
Claims 8-19 are patentable over Kovacs in view of Takada et al., and the claims 
are in a condition ready for allowance. 

VIII. CONCLUSION 

tu« ~u~~i ~uu~- ~- : M u: . . xi r— >_ 

i 1 oiic^u i cici ui ioco, oiuic;i aiui ui n i 001 1 iuii loiiiuii vvin i ii'iC i_Xcii I inici o 

assertions, do not provide a valid basis for a prima facie obviousness rejection of 
the present claims. Accordingly, Appellants submit that the present invention is 
fully patentable over Kovacs and Takada et al. and the Examiner's rejection 
should be REVERSED. 



Respectfully submitted, 




Attorney for Appellants 



BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 
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IX. CLAIMS APPENDIX 



1. (Cancelled) 

2. (Cancelled) 

3. (Cancelled) 

4. (Cancelled) 

5. (Cancelled) 

6. (Cancelled) 

7. (Cancelled) 

8. (Previously Presented) A hand-held, portable, power tool adapted to be 
carried by an operator while in use, comprising: 

a frame, including a handle engageable by an operator; 
an implement cooperating with the frame and having a rotary-driven 
input member; 

a lightweight, four-stroke cycle, internal combustion, spark-ignition 
engine attached to said frame wherein said engine comprising: 

a lightweight engine block defining a cylinder head 
assembly, a cam housing, a crank chamber and a cylindrical bore; 

an intake valve and exhaust valve in said cylinder head 

assembly; 

a piston slidably disposed in said cylindrical bore; 

a crankshaft supported by at least one bearing in said crank 
chamber, said crankshaft being drivably connected to said piston, and 
having an output end cooperating with an input end of said implement; 

a cam rotatably mounted in said cam housing and driven by 
said crankshaft at less than the full speed of said crankshaft; and 
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a valve cover on said cylinder head defining a valve 

chamber. 

9. (Previously Presented) The hand-held, portable, power tool of claim 8 
wherein said tool is a line trimmer. 

10. (Previously Presented) The hand-held, portable, power tool of claim 8 
wherein said tool is a chain saw. 

11. (Previously Presented) The hand-held, portable, power tool of claim 8 
wherein said tool is a blower/vacuum. 

12. (Previously Presented) The hand-held, portable, power tool of claim 8 
wherein said engine further comprising: 

an oil reservoir for storing engine lubrication oil; and 

an engine lubrication system whereby said oil is circulated through 

said erigins to lubricate said piston, said crankshaft, said beanng, said nriake and 

exhaust valves, and said cam. 

13. (Previously Presented) The hand-held, portable, power tool of claim 12 
wherein said engine lubrication system comprising: 

an oil flow passage such that said oil reservoir, said cylindrical 
bore, said crankshaft chamber, said cam chamber and said valve chamber are in 
fluid communication; and 

an oil return passage from said valve chamber to said oil reservoir. 

14. (Previously Presented) A hand-held, portable, power tool adapted to 
be carried by an operator while in use, comprising: 

a frame, including a handle engageable by an operator; 
an implement cooperating with the frame and having a rotary-driven 
input member; 

a lightweight, four-stroke cycle, internal combustion, spark-ignition 
engine attached to said frame wherein said engine comprising: 
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a lightweight engine block defining a cam housing, a crank 
chamber and a cylindrical bore; 

an intake valve and exhaust valve; 

a piston slidably disposed in said cylindrical bore; 

a crankshaft supported by at least one bearing in said crank 
chamber, said crankshaft being drivably connected to said piston, and 
having an output end cooperating with an input end of said implement; 

a cam rotatably mounted in said cam housing and driven by 
said crankshaft at less than the full speed of said crankshaft. 

15. (Previously Presented) The hand-held, portable, power tool of claim 14 
wherein said tool is a line trimmer. 

16. (Previously Presented) The hand-held, portable, power tool of claim 14 
wherein said tool is a chain saw. 

17. (Previously Presented) The hand-held, portable, power tool of claim 14 
wherein said tool is a blower/vacuum. 

18. (Previously Presented) The hand-held, portable, power tool of claim 14 
wherein said engine further comprising: 

an oil reservoir for storing engine lubrication oil; and 

an engine lubrication system whereby said oil is circulated through 

said engine to lubricate said piston, said crankshaft, said bearing, said intake and 

exhaust valves, and said cam. 

19. (Previously Presented) The hand-held, portable, power tool of claim 18 
wherein said engine lubrication system comprising: 

an oil flow passage such that said oil reservoir, said cylindrical 
bore, said crankshaft chamber, said cam chamber and said valve chamber are in 
fluid communication; and 

an oil return passage from said valve chamber to said oil reservoir. 
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5,950,590, which is a continuation of Serial No. 08/895,345 filed July 16, 
1997, now U.S. Patent No. 5,738,062, which is a continuation of Serial No. 
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TECHNICAL FIELD 

This invention relates to operator carried power tools and more 
particularly, to operator carried power told driven by a small internal 
combustion engine. 

BACKGROUND ART 

Portable operator carried power tools such as line trimmers, 
blower/vacuums, or chain saws are currently powered by two-cycle internal 
combustion engines or electric motors. With the growing concern regarding 
air pollution, there is increasing pressure to reduce the emissions of portable 
power equipment. Electric motors unfortunately have limited applications due 
to power availability for corded products and battery life for cordless devices. 
In instances where weigh is not an overriding factor such as law mowers, 
emissions can be dramatically reduced by utilizing heavier four-cycle engines. 



When it comes to operator carried power tools such as line trimmers, chain 
saws and blower/vacuums, four-cycle engines pose a very difficult problem. 
Four-cycle engines tend to be too heavy for a given horsepower output and 
lubrication becomes a very serious problem since operator carried power 
tools must be able to run in a very wide range of orientations. 

The California Resource Board (CARB) in 1990 began to discuss with 
the industry, particularly the Portable Power Equipment Manufacturer's 
Association (PPEMA), the need to reduce emissions. In responding to the 
CARB initiative, the PPEMA conducted a study to evaluate the magnitude of 
emissions generated by two-cycle engines in an effort to determine whether 
they were capable of meeting the proposed preliminary CARB standards 
tentatively scheduled to go into effect in 1994. The PPEMA study concluded 
that at the present time, there was no alternative power source to replace the 
versatile lightweight two-stroke engine currently used in hand held products. 
Four-cycle engines could only be used in limited situations, such as in 
portable wheeled products like lawn mowers or generators, where the weight 
of the engine did not have to be borne by the operator. 

It is an object of the present invention to provide a hand held powered 
tool which is powered by an internal combustion engine having low emissions 
and is sufficiently light to be carried by an operator. 

It is a further object of the present invention to provide a portable hand 
held powered tool powered by a small internal combustion engine having an 
internal lubrication system enabling the engine to be run at a wide variety of 
orientations typically encountered during normal operation. 

It is a further object of the present invention to provide a portable 
power tool to be carried by an operator which is driven by a small lightweight 
four-cycle engine having an aluminum engine block, an overhead valve train 
and a splasher lubrication system for generating an oil mist to lubricate the 
crank case throughout the normal range of operating positions. 



It is yet a further object of the invention to provide an oil mist pumping 
system to pump an oil mist generated in the crank case into the overhead 
valve chamber. 

These objects and other features and advantages of the present 
invention will be apparent upon further review of the remainder of the 
specification and the drawings. 

DISCLOSURE OF THE INVENTION 

Accordingly, a portable hand held power tool of 4he present invention 
intended to be carried by an operator is provided utilizing a small four-cycle 
internal combustion engine as a power source. The four-cycle engine is 
mounted on a frame to be carried by an operator during normal use. The tool 
has an implement cooperating with the frame having a rotary driven input 
member coupled to the crankshaft of the four-cycle engine. The four-cycle 
engine is provided with a lightweight aluminum engine block having at least 
one cylindrical bore oriented in a normally upright orientation having an 
enclosed oil reservoir located therebelow. A crankshaft is pivotably mounted 
within the engine block. The enclosed oil reservoir when properly filled, 
enables the engine to rotate at least 30 degrees about the crankshaft axis in 
either direction without oil within the reservoir rising above the level of the 
crankshaft counter weight. A splasher is provided to intermittently engage the 
oil within the oil reservoir to generate a mist to lubricate the engine crank 
case. 

One embodiment of the invention pumps an oil mist from the crank 
case to an overhead valve chamber to lubricate the valve train. 

In yet another embodiment of the invention, the overhead valve 
chamber is sealed and is provided with a lubrication system independent of 
the crank case splasher system. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a perspective view illustrating a line trimmer of the present 
invention; 

Figure 2 is a cross-sectional side elevation of the engine taken along 
line 2.2 of Figure 1 ; 

Figure 3 is a side cross-sectional elevational view of the engine of 
Figure 2; 

Figure 4 is an enlarged schematic illustration of the camshaft and the 
follower mechanism; 

Figure 5 is a cross-sectional side elevational view of a second engine 
embodiment; 

Figure 6 is a cross-sectional end view illustrating the valve train of the 
second engine embodiment of Figure 5; 

Figure 7 is a cross-sectional side view of a third engine embodiment; 

Figure 8 is an enlarged cross-sectional view of the third engine 
embodiment of Figure 7 illustrating the lubrication system; 

Figure 9 is a partial cross-sectional end view of the third engine 
embodiment shown in Figures 7 and 8 further illustrating the lubrication 
system; 

Figure 10 is a timing diagonal of the lubrication system of the third 
engine embodiment; 

Figure 1 1 is a torque versus RPM curve; and 

Figure 12 and Figure 13 contrast the pull force of a four and a two- 
cycle engine. 

BEST MODES FOR CARRYING OUT THE INVENTION 

Figure 1 illustrates a line trimmer 20 made in accordance with the 
present invention. Line trimmer 20 is used for illustration purposes and it 
should be appreciated that other hand held power tools tended to be carried 
by operators such as chain saws or a blower vacuum can be made in a 
similar fashion. Line trimmer 20 has a frame 22 which is provided by an 



elongated aluminum tube. Frame 22 has a pair of handles 24 and 26 to be 
grasped by the operator during normal use. Strap 28 is placed over the 
shoulder of the user in a conventional manner in order to more conveniently 
carry the weight of the line trimmer during use. Attached to one end of the 
frame generally behind the operator is a four-cycle engine 30. The engine 
drives a conventional flexible shaft which extends through the center of the 
tubular frame to drive an implement 32 having a rotary cutting head or the like 
affixed to the opposite end of the frame. It should be appreciated that in the 
case of a chain saw or a blower/vacuum, the implement would be a cutting 
chain or a rotary impeller, respectively. 

Figure 2 illustrates a cross-sectional end view of a four-cycle engine 
30. Four-cycle engine 30 is made up of a lightweight aluminum housing 
including an engine block 32 having a cylindrical bore 34 formed therein. 
Crankshaft 36 is pivotably mounted within the engine block in a conventional 
manner. Piston 38 slides within a cylindrical bore 34 and is connected to the 
crankshaft by connecting rod 40. A cylinder head 42 is affixed to the engine 
block to define an enclosed combustion chamber 44. Cylinder head 42 is 
provided with intake port 46 coupled to a carburetor 48 and selectively 
connected to the combustion chamber 44 by intake valve 50. Cylinder head 
42 is also provided with an exhaust port 52 connected to muffler 54 and 
selectively connected to combustion chamber 44 by exhaust valve 56. 

As illustrated in Figures 2 and 3, the cylinder axis of four-cycle engine 
30 is generally upright when in normal use. Engine block 32 is part of a 
housing portion that provides an enclosed oil reservoir 58. The reservoir is 
relatively deep so that there is ample clearance between the crankshaft and 
the level of the oil during normal use. As illustrated in Figure 2, the engine 
may be rotated about the crankshaft axis plus or minus at angle 3 before the 
oil level would rise sufficiently to contact the crankshaft. Preferably, 3 is at 
least above 30° and most preferably at least 45° in order to avoid excessive 
interference between the crankshaft and the oil within the oil reservoir. As 



illustrated in a cross-sectional side elevation shown in Figure 3, the engine 
shown in its vertical orientation would typically be used in a line trimmer 
canted forward 20° to 30°. As illustrated, the engine can be tipped fore and 
aft plus or minus an angle V without the oil within the reservoir striking the 
crankshaft. Again, preferably the angle V is at least above 20° viewing the 
engine in side view along the transverse axis orthogonal to the axes of the 
engine crankshaft 36 and the cylinder bore 34. 

In order to lubricate the engine, connecting rod 40 is provided with an 
oil mist generator or splasher portion 60 which dips into and agitates the oil 
within the reservoir with each crankshaft revolution. The splasher 60 is an oil 
mist generator that creates, as it is driven by the piston-connecting rod- 
crankshaft assembly, an oil mist which lubricates the internal moving parts 
within the engine block. 

As illustrated in Figure 3, the crankshaft 36 is of a cantilever design 
similar to that commonly used by small two-cycle engines. The crankshaft is 
provided with an axial shaft member 62 having an output end 64 adapted to 
be coupled to the implement input member and input end 66 coupled to a 
counterweight 68. A crankpin 70 is affixed to counterweight 68 and is parallel 
to and radially offset from the axial shaft 62. Crankpin 70 pivotally cooperates 
with a series of roller bearings 72 mounted in connecting rod 40. The axial 
shaft 62 of crankshaft 36 is pivotably attached to the engine block 32 by a 
pair of conventional bearings 74 and 76. Intermediate bearings 74 and 76 is 
camshaft drive gear 78. 

The camshaft drive and valve lifter mechanism is best illustrated with 
reference to Figures 3 and 4. Drive gear 78 which is mounted upon the 
crankshaft drives cam gear 80 which is twice the diameter resulting in the 
camshaft rotating in one-half engine speed. Cam gear 80 is affixed to the 
camshaft assembly 82 which is journaled to engine block 32 and includes a 
rotary cam lobe 84. In the embodiment illustrated, a single cam lobe is 
utilized for driving both the intake and exhaust valves. However, a 



conventional dual cam system could be utilized as well. Cam lobe 84. as 
illustrated in Figure 4, operates intake valve follower 86 and intake push 
rod 88 as well as exhaust valve follower 90 and exhaust push rod 92. 
Followers 86 and 90 are pivotably connected to the engine block by pivot pin 
93. Push rods 88 and 92 extend between camshaft followers 86 and 90 and 
rocker arms 94 and 96 located within the cylinder head 42. The cam push 
rods and rocker arms are part of a valve train assembly. Affixed to the 
cylinder head 42 is a valve cover 98 which defines therebetween enclosed 
valve chamber 100 which defines therebetween enclosed valve chamber 100. 
A pair of push rod tubes 102 sunound the intake and exhaust push rods 88 
and 92 in a conventional manner in order to prevent the entry of dirt into the 
engine. In the embodiment of the invention illustrated, four-cycle engine 30 
has a sealed valve chamber 100 which is isolated from the engine block and 
provided with its own lubricant. Preferably, valve chamber 100 is partially 
filled with a lightweight moly grease. Conventional valve stem seals, not 
shown, are provided in order to prevent escape of lubricant. 

Engine 30 operates on a conventional four-cycle mode. Spark plug 
104 is installed in a spark plug hole formed in the cylinder head so as to 
project into enclosed combustion chamber 44. The intake charge provided by 
carburetor 48 will preferably have an air fuel ration which is slightly lean 
stoichiometric; i.e.. having an air fuel ratio expressed in terms of 
stoichiometric ration which is not less than 1.0. It is important to prevent the 
engine from being operated rich so as to avoid a formation of excessive 
amount of hydrocarbon (HC) and carbon monoxide (CO) emissions. Most 
preferably, the engine will operate during normal load conditions slightly lean 
of stoichiometric in order to minimize the formation of HC. CO and oxides of 
nitrogen (NOx). Running slightly lean of stoichiometric air fuel ratio will 
enable excess oxygen to be present in the exhaust gas thereby fostering 
post-combustion reduction of hydrocarbons within the muffler and exhaust 
port. 
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For use in a line trimmer of the type illustrated in Figure 1, adequate 
power output of a small lightweight four-cycle engine is achievable utilizing an 
engine with a displacement less than 50 cc. Preferably, engines for use in 
the present invention will have a displacement falling within the range of 
20 and 40 cc. Engines of displacement larger than 50 cc will result in 
excessive weight to be carried by an operator. Engines of smaller 
displacement will have inadequate power if operated in such a manner to 
maintain low emission levels. 

In order to achieve high power output and relatively low exhaust 
emissions, four-cycle engine 30 is provided with a very compact combustion 
chamber 44 having a relatively low surface to volume ration. In order to 
maximize volumetric efficiency and engine output for relatively small engine 
displacement, canted valves shown in Figure 2 are used resulting in what is 
commonly referred to as a hemispherical-type chamber. Intake and exhaust 
ports 46 and 52 are oriented in line and opposite one another resulting in a 
cross flow design capable of achieving very high horsepower relative to 
engine displacement compared to a typical four-cycle lawn mower engine 
having a flat head and a valve-in-block design. 

A second engine embodiment 110 is illustrated in Figures 5 and 6. 
Engine 1 10 is very similar to engine 30 described with reference to Figures 
2-4 except for the valve train and lubrication system design. Engine 1 10 is 
provided with a camshaft 112 having a pair of cam lobes, intake cam lobes 
114 and exhaust cam lobes 116 affixed to the camshaft and at axially spaced 
apart orientation. Camshaft 1 12 is further provided with a cam gear 118 
cooperating with a drive gear affixed to the crankshaft as previously described 
with reference to the first engine embodiment 30. Intake and exhaust 
followers 120 and 122 are slidably connected to the engine block and are 
perpendicular to the axis of the camshaft in a conventional manner. Intake 
and exhaust followers 120 and 122 reciprocally drive intake and exhaust push 
rods 124 and 126. 



Engine 1 1 0 also differs from engine 30 previously described in the 
area of cylinder head lubrication. Cylinder head 128 and valve cover 130 
define therebetween an enclosed valve chamber 132. Valve chamber 132 is 
coupled to oil reservoir 134 by intake and exhaust push rod guide tubes 136 
and 138. Valve cover 130 is further provided with a porous breather 140 
formed of a sponge-like or sintered metal material. As the piston reciprocates 
within the bore, the pressure within the oil reservoir will fluctuate. When the 
pressure increases, mist-laden air will be forced through the valve guide 
tubes into the valve chamber 132. When the piston rises, the pressure within 
the oil reservoir 134 will drop below atmospheric pressure causing air to be 
drawn into the engine breather 140. The circulation of mist-laden air between 
the engine oil reservoir and the valve chamber will supply lubrication to the 
valves and rocker arms. By forming the breather of a porous material, the 
escape of oil and the entry of foreign debris will be substantially prohibited. 

Figures 7-10 illustrate a third engine embodiment 150 having yet a 
third system for lubricating overhead valves. Engine 150 has an engine block 
with a single cam and dual follower design generally similar to that of 
Figures 2 and 3 described previously. Cylinder head 152 is provided with a 
valve cover 154 to define enclosed valve chamber 156 therebetween. Valve 
chamber 1 56 is coupled to oil reservoir 158 within the engine block. In order 
to include the mist-laden air within the oil reservoir 158 to circulate through 
valve chamber 156, flow control means is provided for alternatively selectively 
coupling the valve chamber to the oil reservoir via one of a pair of 
independent fluid passageways. 

As illustrated in Figures 8 and 9, intake push rod tube 160 provides a 
first passageway connecting the oil reservoir to the valve chamber, while 
exhaust push rod tube 162 provides a second independent passageway 
connecting the valve chamber 1 56 to the oil reservoir 1 58. As illustrated in 
Figure 8, port B connects push rode tube 162 to the cylindrical bore 166. 
Port B intersects the cylindrical bore at a location which is swept by the skirt 
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of piston 168 so that the port is alternatively opened and closed in response 
to piston movement Camshaft 170 is pivotally mounted on a hollow tubular 
shaft 172. Camshaft 170 and support shaft 172 are each provided with a pair 
of ports A which are selectively coupled and uncoupled once every engine 
revolution, i.e., twice every camshaft revolution. When the ports are aligned, 
the oil reservoir is fluidly coupled to the valve chamber via the intake push rod 
tube 162. When the ports are misaligned, the flow path is blocked. 

Figure 10 schematically illustrates the open and dose relationship of 
the A and B ports relative to crankcase pressure. When the piston is down 
and the crankcase is pressurized, the A port is open allowing mist-laden air to 
flow through the passageway within camshaft support shaft 172 through the 
intake push rod tube 160 and into the valve chamber 156. When the piston 
rises, the crankcase pressure drops below atmospheric pressure. When the 
piston is raised, the A port is closed and the B port is opened enabling the 
pressurized air from valve chamber 156 to return to oil reservoir 158. 

Of course, other means for inducing the circulation of mist-laden air 
from the oil reservoir to the valve chamber can be used to obtain the same 
function, such as check valves or alternative mechanically operated valve 
designs. Having a loop type flow path as opposed to a single bi-directional 
flow path, as in the case of the second engine embodiment 110, more 
dependable supply of oil can be delivered to the valve chamber. 

It is believed that small lightweight four-cycle engines made in 
accordance with the present invention will be particularly suited to use with 
rotary line trimmers, as illustrated in Figure 1. Rotary line trimmers are 
typically directly driven. It is therefore desirable to have an engine with a 
torque peak in the 7000 to 9000 RPM range which is the range in which 
common line trimmers most efficiently cut. As illustrated in Figure 1 1 , a small 
four-cycle engine of the present invention can be easily tuned to have a 
torque peak corresponding to the optimum cutting speed of a line trimmer 
head. This enables smaller horsepower engine to be utilized to achieve the 
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same cutting performance as compared to a higher horse power two-cycle 
engine which is direct drive operated. Of course, a two-cycle engine speed 
can be matched to the optimum performance speed of the cutting head by 
using a gear reduction. However, this unnecessarily adds cost, weight and 
complexity to a line trimmer. 

Another advantage to the four-cycle engine for use in a line trimmer is 
illustrated with reference to Figures 12 and 13. Figure 12 plots the starter 
rope pull force versus engine revolutions. The force pulses occur every other 
revolution due to the four-cycle nature of the engine. A two-cycle engine as 
illustrated in Figure 13 has force pulses every revolution. It is therefore much 
easier to pull start a four-cycle engine to reach a specific starting RPM since 
approximately half of the work needs to be expended by the operator. Since 
every other revolution of a four-cycle engine constitutes a pumping loop 
where there is relatively little cylinder pressure, the operator pulling starter 
rope handle 174 (shown in Figure 1) is able to increase engine angular 
velocity during the pumping revolution so that proper starting speed and 
sufficient engine momentum can be more easily achieved. The pull starter 
mechanism utilized with the four-cycle engine is of a conventional design. 
Preferably, the pull starter will be located on the side of the engine closest to 
the handle in order to reduce the axial spacing between trimmer handle 24 
and the starter rope handle 174, thereby minimizing the momentum exerted 
on the line trimmer during startup. A four-cycle engine is particularly 
advantageous in line trimmers where in the event the engine were to be shut 
off when the operator is carrying the trimmer, the operator can simply restart 
the engine by pulling the rope handle 174 with one hand and holding the 
trimmer handle 24 with the other. The reduced pull force makes it relatively 
easy to restart the engine without placing the trimmer on the ground or 
restraining the cutting head, as is frequently done with two-cycle line 
trimmers. 
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It should be understood, of course, that while preferred embodiments 
of the invention have been shown and described herein, it is not intended to 
illustrate all possible variations thereof. Alternative structures may be created 
by one of ordinary skill in the art without departing from the spirit and scope of 
the invention as set forth in the following claims. 



CLAIMS 

1 . A lubrication method for lubricating a lightweight, four-stroke 
cycle, throttle-controlled, internal combustion engine used with a power tool to 
be carried by an operator when in use, the engine having an engine block, a 
reciprocating piston in a cylinder in the engine block, a crankshaft, at least 
one bearing supporting said crankshaft, a cam, a cam gear, a valve train, a 
pair of rocker arms, an oil reservoir and a cylinder head defining an intake and 
exhaust valve chamber and overhead intake and exhaust valves, the method 
comprising the steps of: 

creating within said oil reservoir a lubrication oil mist; 

providing said oil mist to said piston, said crankshaft, said 
bearing, said cam, said cam gear, said valve train, said pair of rocker arms, 
and said overhead intake and exhaust valves by conducting the oil mist 
through a passage from said reservoir to the valve chamber; and 

conducting the oil mist in a return flow passage through said engine 
block from said valve chamber to said reservoir. 

2. A hand-held, portable, power tool adapted to be carried by an 
operator while in use, comprising: 

a frame, including a handle engageable by an operator; 

an implement cooperating with the frame and having a rotary- 
driven input member; 

a lightweight, four-stroke cycle, internal combustion, spark- 
ignition engine attached to said frame wherein said engine comprising: 

a lightweight aluminum engine block defining a cylinder head 
assembly, a cam housing, a crank chamber and a cylindrical bore; 

an intake valve and exhaust valve in said cylinder head 

assembly; 

a piston slidably disposed in said cylindrical bore; 
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a crankshaft supported by at least one bearing in said crank 
chamber, said crankshaft being drivably connected to said piston, and having 
an output end cooperating with an input end of said implement; 

a cam rotatably mounted in said cam chamber and driven by 
said crankshaft at less than the full speed of said crankshaft; and 

a valve cover on said cylinder head defining a valve chamber. 

3. The hand-held, portable, power tool of claim 2 wherein said tool 
is a line trimmer. 

4. The hand-held, portable, power tool of claim 2 wherein said tool 
is a chain saw. 

5. The hand-held, portable, power tool of claim 2 wherein said tool 
is a blower/vacuum. 

6. The hand-held, portable, power tool of claim 2 wherein said 
engine further comprising: 

an oil reservoir for storing engine lubrication oil; and 

an engine lubrication system whereby said oil is circulated 

through said engine to lubricate said piston, said crankshaft, said bearing, 

said intake and exhaust valves, and said cam. 

7. The hand-held, portable, power tool of claim 6 wherein said 
engine lubrication system comprising: 

an oil flow passage such that said oil reservoir, said cylindrical 
bore, said crankshaft chamber, said cam chamber and said valve chamber 
are in fluid communication; and 

an oil return passage from said valve chamber to said oil reservoir. 
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Abstract 

An engine powered hand-held power tool and engine lubrication 
method is provided, the power tool being intended to be carried by an 
operator during use. The power tool has a frame, including a handle to be 
grasped by the operator, an implement affixed to the frame having a rotary 
input member, and a small four-cycle, lightweight, internal combustion engine 
attached to the frame for driving the implement. The four-cycle engine has a 
lightweight aluminum alloy engine block having a cylindrical bore and an 
enclosed oil reservoir formed therein. A crankshaft is rotatably mounted in 
the engine block for rotation about a crankshaft axis. A piston reciprocates 
within the bore and is connected to the crankshaft by a connecting rod. An oil 
splasher driven by the crankshaft intermittently engages the oil within the 
enclosed oil reservoir to splash-lubricate the engine. The engine is provided 
with a cylinder head assembly defining a compact combustion chamber 
having a pair of overhead intake and exhaust ports and cooperating intake 
and exhaust valves. A lightweight, high-powered engine is thereby provided 
having relatively low HC and CO emissions. 
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B-**-^' (Exploaionsmotor) nut ~er ^eitatalcten 
aadureh geicenn.eichnet, dafl diese Motor am zxlxnderlcopf und 
em zUiBfierwand Binlaaa, und Auslasskanale hatt. 



Der 



Viertalctmotor iat fur jeden Kraftstoff geeignet. 



■n 5I » tt viertaktmotor seichnet sicn durch einen niedrigen 

Kraftstoffrerbrauc*. und ,eine ho*e un.eltfreundli^eit aus. 



Viertaktmotor (B iw i i in Mw I ht) 3335962 
Die Erfindung betrifft einen Hubkolbenmotor mit Tier Arbeits- 
takten und eignet sich hauptsiichlich fur den. Antrieb von 
Motorrader, Kfceinkraftrfider, Rasenmfiher, Kettens&ge, GexSte, 
Pumpen, usw» 

Zweck der Erfindung i3t den Zweitaktmotor TJnrentabel «u maehen, 
erst ens wegen der wastand, dafl der Zweitaktmotor mit nrischung 
Betrieben werde, (Benain + Oel ) mweitens wegen der Ziehen Ver- 
brauch, und drittens wegen der hohen Uaweltverschmutaung. 
Dies geschiet dadureh, erstens dafi diese Viertaktmotor mit rei- 
nes Kraftstoff Betrieben werde. Hauptsfichlich aber dadureh, dafl 
bei diese Motor der Verbrennungsraum nach Jedem Arbeitstakt auf 
das optimalste entlehrt werde. 

Der zweitaktmotor entlehrt den Verbrennungsraum dadureh, dafl 
die frische Gase aus der Kurbelgeheuse dureli die durehlasskanaie 
in a em Verbrennungsraum gelangt, und die verbranten Gase hinaus- 
druckt. Dieses forgang ist sehr unrolls tandig. Dies kann durch 
tuning verbessert werden. Allerdings das dadureh. erreichte ist 
nicht das optimale. 

Der Erfindung liegt die Aufgabe »ugrunde, den Verbrennungsraum 
soweit Ku.entleren wie es nur moglich ist- 

Diese Aufgabe werde erfindungsgemfifl in folgender..weise gelost: 
Der Motor werde mit eine Einlass vent ill und eine Auslassventill 
in dem Zilinderkopf gebaut,und eine Auslasskanal susat«lich 
das geoffnet ist wenn der Kolben am unteren totenpunkt ange- 
kommen ist.(Genau wie 'das Auspuffkanal eines Zweitaktmotors) 
Ebenfalls swei Sfnunge als einlass of fnung. (Genau wie der Durch- 
lasskanal der zweitaktmotore in das Zilinder miinde*) 
Auspuffkanal am zilinderkopf und am Zilindermitte munden ■usammen, 
Einlasskanal am zilinderkopf und am Zilindermitte munden in eine 
Geblase* 

Die Arbeitsweise werde folgender mafle Verriehtet: 
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Wena der Kolben am unteren totenpuntt angelangt ist, werde 
durch das untere EinlassSffnung luft in das Zilinder hinein- 
geschoben. Diese menge luft erm5glicht eine reinigung des 
Zilinders entspreefaend des Zweitaktmotors. Durch das weitere 
flre hang des Motors bewegt sich der Kolben nach oben, und werde 
das Auspuffventill geBffnet und die verdikmte restauspuffgase 
werden ndt entsprechende menge frischluft sweitesmahl hinaus- 
geschoben. jetzt werde der Einlassventill geoffnet, und wehrend 
der Kolben sich nach unten. bewegt, strSmt luft in das Zilinder. 
In den bereieh des Auspuffkanals stromt aogar luft hinaus, 
verstarkt die einstrSmenge luft das durch den einlasskanal 
am unteren ende des zilinders hinein str5mt» 
Auf diese weise werde das zilinder follstandig yon aaffitliehen 
verbranten Gase gereinigt. An der stand als der Kolben am 
unteren totenpunkt angekommen ist, werde der Einlassxentill 
geschlossen* Jetst bewegt sich der Kolben nach oben, und 
nach dehm das untere Auslas3kanal geschlossen ist werde Kraft- 
stoff eingesprit«t. Von das art des Kraftstoffes abhfingig werde 
nach erfolgtem verdichten gecOndet, oder «undet sich selbst. 



Die ersielbaren Vorteile des ge*»» viertaktmotors liegen 
darin, dafl durch die optimalste Reinheit des Luft-Gasgemisches 
die isKraftstoff enthaltene Energie ebenfalls auf das optimalste 
genfttst werden kantio Weiterhin entstfiht die sauberste Ver- 
brennung und damit eine umweltfreundlichkeit , die man sich nur 
wunsehsn kanm. Pie Kraftstoff ersparniss wird auf ttber 5095 
gesehfit*t» 

Auf ein AusfUhrungsbeispiel wird Ter«ichtet. Die beschreibung 
alleine muss fur einen Fachmann genugen eine III i ■ n Viertakt- 
motor su bauen» 
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GERMAN OFFENLEGUNGSSCHRI FT DE 33 35 962 Al 

Application date: 04.10.83 
Publication date: 02.05.85 
Applicant: Kovacs, Emil 

four-atrokft rnqinr, (Kfl3ULca_£nain£) 

1. Internal-combustion engine with four working cycles, 
characterised in that this engine has inlet and outlet ports 
in the cylinder head and in the cylinder wall. 

The four-stroke\ engine is suitable for any fuel. 

The four-stroke engine is characterised by low fuel 
consumption and is environmentally friendly to a high degree. 



The invention relates to a reciprocating piston engine 
with four working cycles and is mainly suitable for the 
propulsion of motorcycles, small motorcycles, lawn mowers, 
chain saws, appliances, pumps, etc. 

The aim of the invention is to render the two-stroke 
engine uneconomical, firstly because the two-stroke engine has 
to be operated with mixture (petrol + oil), secondly because 
of its high consumption and, thirdly, because of its high 
level of pollution. This is achieved firstly in that this 
four-stroke engine is operated with pure fuel but, 
principally, in that in this engine the combustion chamber is 
exhausted in optimum manner after each working cycle. 
In a two-stroke engine the combustion chamber is 
. exhausted in that the fresh gases are discharged from the 
crankcase through the ports into the combustion chamber and 
thereby expels the combusted gases. This process is very 
incomplete. It can be improved by tuning but, in any case, the 
results obtained are not the optimum; 

The invention is based on the object of exhausting the 
combustion chamber to the greatest possible extent. 

According to the invention, this object is achieved in 
the following manner: 

The engine is built with an inlet valve and an outlet 
valve in the cylinder head, and an outlet port is additionally 
opened when the piston reaches bottom dead centre. (Exactly 
like the exhaust port of a two-stroke engine) . Likewise two 
openings as inlet opening. (Exactly how the port of the two- 
stroke engine discharges into the cylinder) . The exhaust port 
in the cylinder head and in the cylinder centre discharge 
together. The inlet port in the cylinder head and in the 
cylinder centre discharge into a blower. 
The mode of operation is as follows: 

When the piston reaches bottom dead centre, air is forced 
into the cylinder through the lower inlet opening. This 
quantity of air enables the cylinder to be purged in a manner 
corresponding to a two-stroke engine. Upon further rotation of 
the engine the piston moves upwards and the exhaust valve is 



opened and the diluted residual exhaust gases are expelled 
twice with a corresponding quantity of fresh air. Then the 
inlet valve is opened ^and air flows into the cylinder while 
the piston moves downwards. Air even flows out in the vicinity 
of the exhaust port and boosts the inflowing air which enters 
through the inlet port at the lower end of the cylinder. 

In this way the cylinder is completely purged of all 
combusted gases. The inlet valve is closed at the instant that 
the piston reaches bottom dead centre. The piston then moves 
upwards and fuel is injected after the lower outlet port is 
closed. Depending on the nature of the fuel, ignition takes 
place after compression has occurred or it ignites itself. 

The advantages which can be achieved with the four-stroke 
engine are. that as a result of the optimum purity of the air- 
gas mixture the energy contained in the fuel can also be 
utilised in optimum fashion. Moreover, combustion is extremely 
clean and is environmentally friendly to a desirable extent. 
The fuel savina is estimated k« e« «. 

No example of embodiment is provided. The description by 
itself should be sufficient for a person skilled in the art to 
construct a four-stroke engine. 
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(12) OAPANBSE UTILITY MODEL APPLICATION LAID-OPEN NO. S1 - 394l6 

(43) LAID-OPEN DATE: March 12, 1986 

(51) INT 1 L . CL.: F 01 M 9/10, 9/06 

(54) TITLE OF THE INVENTION: 

LUBRICATION APPARATUS FOR ROCKER ARM CHAMBER 

(21) UTILITY MODE APPLICATION SERIAL NO. : 59-124834 

(22) FILING DATE: August 16, 1984 
(72) INVENTORS: TAKADA, Toshiyuki 

MISAWA, Yoshiji 
m APPLICANT : Kawasaki Jyu-kogyo Kabushiki Kaisha 

SPECIFICATION 

1. TITLE OF THE INVENTION 

LUBRICATION APPARATUS FOR ROCKER ARM CHAMBER 

2. WHAT IS CLAIMED IS: 

(1) A lubrication apparatus for circulating oil stored in a crank 
chamber to a rocker arm chamber via an oil supply path and a return 
path, wherein the return path on the crank chamber side is opened 
and closed by a .motion of a tappet, and wherein when the pressure 
in the crank chamber is lower than the atmospheric pressure, the 
return path is opened so as to promote the return rate of the oil 
making use of the lower pressure in the crank chamber. 

(2) The lubrication apparatus according to claim 1, wherein a 
check valve is provided to the oil .supply path in order to allow 
oxl flow from the crank chamber to the rocker arm chamber. 

3. DETAILED DESCRIPTION OF THE INVENTION 
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[Field of the Industrial Utility) 

The present invention relates to a structure of a lubrication 
apparatus for lubricating a rocker arm chamber of an overhead- valve 
(CHV) engine. / • 

[Description of Prior Art) 

In overhead-valve engines, an induction valve and an exhaust 
valve are positioned directly above the combustion chamber, and the 
rocker arm for activating these valves is also provided above the 
cylinder head. Thus, the rocker arm chamber in which the valve 
activation mechanism, including the rocker arm, is accommodated is 
formed above the cylinder head. 

The rocker arm chamber is generally defined inside the head 
cover which encloses the motional components including a bearing, 
which is the center of the swing of the rocker arm, an abutment 
between the rocker arm and the valve stem, and a valve guide for 
guiding the valve stem in a slidable manner. Since these motional 
components must be lubricated, a lubrication apparatus for the 
rocker arm chamber is used. 

However, since in the overhead-valve engine the rocker arm 
chamber is located above the engine, apart from the crank chamber, 
the rocker arm chamber can not be reliably lubricated by a 
conventional lubrication method in which an oil flow path is formed 
and the oil in the crank chamber is paddled and splashed into the 
rocker arm chamber. 

In order to overcome this problem, adding an oil pump to the 
engine has been proposed and actually employed. However, since 
this technique requires an extra oil pump and a driving mechanism, 
the engine structure inevitably becomes large and complicated, 
which results in the increased manufacturing cost and inconvenience 
in maintenance. 
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(Objective of the Invention] 

Therefore, it is an object of the invention to overcome these 
problems in the prior art, and to provide a lubrication apparatus 
which can reliably lubricate the rocker arm chamber with a simple 
structure. p 

[Summary of the Invention] 

The above-mentioned object is achieved by providing an oil 
supply path and a return path between a crank chamber and a rocker 
arm chamber, and opening the return path by a motion of a tappet 
when the pressure in the crank chamber is lower than the 
atmospheric pressure, thereby promoting the return rate of oil 
making use of the suction due to the lower pressure. 

In particular, a lubrication apparatus for circulating oil 
stored in a crank chamber to a rocker arm chamber via a oil supply 
path and a return path is provided according to the invention. The 
return path on the crank chamber side is opened and closed by a 
motion of a tappet. When the pressure in the crank chamber is 
lower than the atmospheric pressure, the return path is opened so 
as to promote the return rate of the oil making use of the lower 
pressure in the crank chamber. 

[Preferred Embodiment] 

The preferred embodiment of the invention will be described in 
detail with reference to the attached drawings. 

Fig. 1 illustrates an overhead-valve engine having a 
lubrication apparatus for rocker arm chamber according to an 
embodiment of the invention. One end of a coupling rod 3 is 
connected to a crank shaft 2 received by a crank case 1A which 
defines a crank chamber 1. The other end (i.e., the narrower end) 
of the coupling rod 3 is connected to a piston 5 which is fit into 
a cylinder 4. 
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The top face of the cylinder 4 is connected a cylinder head 6 
m an air-tight manner, and a combustion chamber 7 is formed in the 
connected portion between the cylinder 4 and the cylinder head 6 
An induction path 8 and an exhaust path 9 are also formed in the 
cylinder head 6, and an induction valve 10 (not shown) and an 
exhaust valve 11 are fit into the cylinder head 6 in a slidable 
manner in order to open and close the openings (or the ports, of 
the induction path 8 and the exhaust path 9 which communicate with 
the combustion chamber 7. A pair of rocker arms 14 are supported 
by a shaft in a pivotable manner on the cylinder head 6 The 
rocker arms 14 move the induction valve 10 and the exhaust valve 11 
toward the open positions against the valve spring 13. 

A head cover 15 is put on the cylinder head 6 in an air-tight 
manner so as to enclose the pair of rocker arms 14, and a rocker 
arm chamber 16 is formed inside the head cover 15. 

In the lower part, a cam shaft 17 extends in parallel to the 
crank shaft 2, and is received by the crank case 1A. The cam shaft 
is rotated via a cam gear 18 at an angular velocity of one half 
(1/2) of the crank shaft 2. 

A pair of tappets 20 and a pair of push rods 21, which are 
reciprocated by a cam, are provided between the cam surfaces 19 of 
the cam shaft 17 and the rocker arms 14 so as to drive the rocker 
arms 14 at a predetermined timing. Each rocker arm 14 corresponds 
to one of the induction valve and the exhaust valve, and each cam 
surface 19, tappet 20 and push rod 21 are associated with one of 
the rocker arms 14. The induction valve 10 and the exhaust valve 
11 are opened at a predetermined timing during the engine stroke 
(or the rotation of the crank) according to the revolution of the 
engine, that is, the rotation of the crank shaft 2, whereby the 
induction and exhaust operations are performed. 

The crank chamber 1 contains lubrication oil 22 up to a 
predetermined height. The oil 22 is paddled and splashed by the 
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oil splasher 23 which is fixed to the crank shaft 2 in order to 
lubricate a desired part, such as the broader end of the crank 

Next, the lubrication apparatus for the rocker arm chamber "« 
wxll be described below. 

An oil supply path 24 and a return path 25 are formed in the 
cylinder 4 and the cylinder head 6. 

The crank shaft 2 is rotated in the direction indicated by the 
arrow A, and the cam shaft 17 is rotated in the opposite direction 
indicated by the arrow B. 

The opening (i.e.., the entrance) 26 on the crank chamber side 
of the oil supply path 24 is located at a position to which the oil 
22 paddled and splashed by the oil splasher 23 directs. The other 
end of the oil supply path 24 is opened in the rocker arm chamber 
16. A check valve 27 which allows the oil fl ow onlv in -h. 
direction to the rocker arm chamber 16 is provided in the middle of 
the oil supply path 24. In the example shown in Fig. i, the checfc 
valve 27 is provided at the connection part between the cylinder 4 
arid the cylinder head 6. 

The return path 25 is a path, through which the oil returns to 
the crank chamber 1 from the rocker arm chamber 16. The end 
portion 28 on the crank chamber side is opened toward the bearing 
face, into which the tappet (for the exhaust valve in the example 
shown in Fig. 1) 20 is fit. A groove 29 is formed on the surface 
of the tappet 20 along the axial direction. The aperture 28 on the 
crank chamber side of the return path 25 is opened and closed by 
the motion of the tappet 20 in the axial direction. In other 
words, the connection and disconnection between the return path 25 
and the crank chamber 1 is controlled by the position of the tappet 
20. 

Fig. 2 is a graph showing the relation between the variable 
pressure P in the crank chamber and the opening/closing timing of 
the return path 25 in a cycle (i.e., 4 strokes) of the engine. 
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As shown in Figs. 1 and 2, the tappet 20 for the exhaust val_ 
moves upward during the opening period E of the exhaust valve, and 
reaches the maximum lifted position at a point 6 E almost in the 
middle of the period E. The groove 19 formed in this tappet 20 is 
designed so that the groove 19 is in communication with the return 
path 25 within a predetermined range S centered on the maximum 
lifted pint 9 E/ in which range the pressure P in the crank chamber 
becomes negative with respect to the atmospheric pressure. In the 
period other than this range S, the opening 28 is closed by the 
tappet 20. 

Fig. 2 also shows Period G, in which the tappet for the 
induction valve is lifted. 

In this fashion, the return path 25 on the crank chamber 28 
side is opened and closed by the motion of th* tappet 20. in 
particular, the return path 25 is in communication with the crank 
chamber 1 via the tappet 20 when the pressure P in the crank 
chamber 1 is negative with respect to the atmospheric pressure, 
thereby promoting the oil return rate making use of the suction 
force due to the negative pressure. 

With this structure, oil 22 which is paddled and splashed by 
the oil splasher 23 during the driving moves upward via the oil 
supply path 24 with its kinetic energy, and reaches the rocker arm 
chamber 16. In this case, the check valve 27 provided in the 
middle of the oil supply path 24 can prevent the oil from returning 
to the crank chamber due to the gravity before it reaches the 
rocker arm chamber 16. The check valve 27 is forced in the opening 
direction when the pressure of the crank chamber 1 is positive with 
respect to the atmospheric pressure, and is forced in the closing 
direction at a negative pressure. Thus, the variable pressure P in 
the crank chamber 1 is efficiently used to promote the oil supply 
effect. 

The oil supplied to the rocker arm chamber 16 lubricates 
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desired portions, for example, the swinging bearing of each rocker 
arm 14, pressurized contacting portions between the rocker arms 14 
and the valves (induction and exhaust valves 10 and 11), and 
frictional portions between each valve stem and the valve guide 12. 
Then, the oil passes through the return path 25 and the groove 29 
of the tappet 20, and returns to the crank chamber 1. since the 
return path 25 is opened due to the motion of the tappet 20 when 
the pressure of the crank chamber 1 is negative, the oil return 
rate is promoted by the negative-pressure suction force. 

Thus, the oil circulation to the rocker arm chamber 16 is 
improved by the pumping effect making use of the variable pressure 
P of the crank chamber, and inside the rocker arm room 16 is 
reliably lubricated. 

In particular, the enhanced oil return structure in the return 
path 25 can prevent the oil from flowing into the combustion 
chamber 7 from the gap between the valve stem and the valve guide 
12. As a result, oil consumption can be reduce, while undesirable 
white smoke can be eliminated, even if the engine is inclined. 

This structure does not require an extra oil pump. 
Accordingly, lubrication of the rocker arm chamber can be reliably 
performed with a simple and compact structure, which yields further 
advantages, such as reduced manufacturing cost and facilitated 
maintenance. 

Although, in the example shown in Fig. 2, the return path 
communicating period S is set so that the variable pressure P of 
the crank chamber is negative throughout the period S, a positive 
pressure range may be partially included in the return path 
communicating period S as long as the negative pressure is dominant 
over the positive pressure. 

The return path 25 is opened and closed using the tappet 20 
for the exhaust valve in the above-described embodiment. However, 
the tappet for the induction valve may also be used to open and 



close the return path 25. 

In addition, some or all of the oil supply path 24 and the 
return path 25 length can consist of a suitable pipe or the like. 
The embodiment in the drawings was explained using a horizontal 
shaft-type engine, but the invention can also be applied to a 
vertical shaft-type engine. 

[Effect of the Invention] 

As clarified in the explanation above, the invention is 

able to provide a lubrication apparatus with a simple, compact 

structure that is able to reliably lubricate a rocker arm chamber. 

4. Brief Explanation of the Drawings 

Fig. 1 illustrates an overhead-valve engine having a 
lubrication apparatus for a rocker arm chamber according to an 
embodiment of the invention. Fig. 2 is a graph showing the 
relation between the variable pressure f and the return patn 
communication timing S based on the operation of the tappet in 
Fig. 1. 



1 ... crank chamber 

17 ... cam shaft 

21 ... push rod 

24 ... oil supply path 

27 ... check valve 



16 ... rocker arm chamber 

20 ... tappet 

22 . . . oil 

25 ... return path 

29 ... groove 
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B42 and B44 are attached herewith. References listed as B41-B42 are being submitted 
with an English translation. Additionally, Applicants are re-submitting reference B47 
with an English translation. Finally, Applicants are submitting communications from the 
European Patent Office that refer to references B10, B18, B26, B27, B34, B41 , B42 and 
B47. 

Applicants respectfully request the Examiner's consideration of the above 
reference(s) and entry thereof into the record of this application. 

By submitting this Statement, Applicants are attempting to fully comply with the 
duty of candor and good faith mandated by 37 C.F.R. §1.56. As such, this Statement is 
not intended to constitute an admission that any of the enclosed references, or other 
information referred to therein, constitutes "prior art" or is otherwise "material to 
patentability," as that phrase is defined in 37 C.F.R. §1. 56(a). 

Applicants have calculated no fee to be due in connection with the filing of this 
Statement. However, the Director is authorized to charge any fee deficiency associated 
with the filing of this Statement to a deposit account, as authorized in the Transmittal 
accompanying this Statement. 



Respectfully submitted, 



November 12, 2004 
Date 
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Application No. 

10/666,924 



Examiner 

Noah Kamen 



Applicants ) 

EVERTS ETAL 



Art Unit 

3747 



~ The MAILING DATE of this communication appears on the cover sheet with the correspondence address - 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of lime may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 1 33). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment See 37 CFR 1.704(b). 

Status 

I )E3 Responsive to communication (s) filed on 31 March 2005 . 
2a)S This action is FINAL. 2b)D This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 1 1 , 453 O.G. 213. 

Disposition of Claims 

4) E3 Claim(s) 8-19 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10)D The drawing(s) filed on is/are: a)D accepted or b)Q objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

I I )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 1 9(aHd) or (f). 
a)D All b)D Some * c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2.D Certified copies of the priority documents have been received in Application No. . 



3.D Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 



Attachment(s) 

1) □ Notice of References Cited (PTO-892) 

2) O Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) ]3 Information Disclosure Stetement(s) (PTO-1449 or PTO/SB/08) 

Paper No(s)/Mail Date Yl\l*S 



4) O Interview Summary (PTO-413) 

Paper No(s)/Mail Date. . 

5) □ Notice of Informal Patent Application (PTO-152) 

6) □ Other . 
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Application/Control Number: 10/666,924 Page 2 

Art Unit: 3747" 

DETAILED ACTION 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 8-19 are rejected under 35 U.S.C. 103(a) as being unpatentable over Kovacs 

(DE 3335962) in view of Takada et al (JP 61-39416). 

Kovacs proposes to use a four cycle engine for a chain saw Takada et al disclose a four cycle 
engine comprising a cam 17, a valve cover 15 on the cylinder head, a splasher 23 that directs 
lubricant to the recited moving parts of the engine via oil passages 24, 25. Takada et al disclose 
that an advantage of the invention is a lubrication apparatus, which can lubricate the rocker arm 
chamber in a reliable and efficient manner with a simple and compact structure. Since this is 
important for a portable operator carried power tool, one of ordinary skill in the art would 
combine the engine of Takada with the tool of Kovacs. 

Response to Arguments 
Applicant's arguments, see the remarks on page 5, filed 3/31/05, with respect to Tuggle 
have been fully considered and are persuasive. The rejection of claims 14-19 based on Tuggle 
has been withdrawn. 

Applicant's arguments filed 3/31/05 based on Kovacs and Takada have been fully 
considered but they are not persuasive. The applicants argue that Kovacs fails to explain how 
the disclosed engine could be used with a chain saw and that the engine is merely directed to 
an exhaust improvement; therefor the disclosure for use in a chainsaw is speculation. 
Furthermore, there is no teaching/motivation to combine the lubrication system of Takada et al 
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with Kovacs. That to combine the two references would result in an engine incapable of being 
hand-held/portable. The applicants assert that no hand-held 4-cycle engine was available 
anywhere else (see 1993 Popular Science, "The Little Engine That Could'). 

The examiner contends that while Kovacs does not show a clear reduction to practice of 
a hand-held 4-cycle engine, one of ordinary skill in the art would clearly understand that 
construction would involve merely miniaturization. The assertion that it had never been done 
before (at least on a commercial scale) is probably one of expense. Two-cycle engine have 
fewer parts than and easier to build. It is only with relatively new emission standards that the 
cost would become a secondary factor. Kovacs fails to disclose details of a lubrication system; 
therefor, one of ordinary skill in the art would be motivated to use the system of Takada et al for 
the advantages listed therein. Again, their combination would merely require miniaturization; 
albeit at a much greater expense. As previously mentioned, the fact that miniature 4-cycle v 
engine had not existed before is deemed not an issue of technology, but one of expediency. 
Lastly, there are no limitations in the pending claims that deal with novel aspects on how to 
miniaturize the engine. The claims just recite lightweight", "hand-held", "portable" with respect 
to KNOWN ENGINE CONSTRUCTION. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time policy as 
set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 



Application/Control Number: 10/666,924 



Page 4 
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CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing date 
of this final action. 

Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Noah Kamen whose telephone number is 571 272 4845. The examiner 
can normally be reached on M-Th 6:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Henry Yuen can be reached on 571 272 4856. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




Noah Kamen 
Primary Examiner 
Art Unit 3747 
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Popular 
science 



THE WHATS NEW MAGAZINE 



MARCH 1993 

Founded in 1872/Vbl 242, No. 3 



56 

Secret Mach 6 
spy plane 




SPECIAL REPORT: 
IN SEARCH OF 
BALANCE.. _ „io 



, a secret Nevada test site, and a new look at advanced aero- 
nautics paint a portrait of Aurora, America's newest secret reconnaissance aircraft A 
Federation of American Scientists report also posits the existence of the plane, along 
with others flying in the Pentagon's "black world." 



66 A house for all 
reasons 

The architectural style may be classic Mediterranean 
viDa, but the 1993 New American Home contains 
some of the most technologically advanced home- 




mentally friendly themes. 



74 The unbearable 

ness of space travel 



Prolonged weightlessness in near-zero gravity could 

endanger human health, as well as NASAs plans for 
long missions. The ill effects include muscle- 
wasting and heart shrinkage. Here's how re- 
searchers are studying the problems—and hope to solve them. 



so Minivans to the max 



Volkswagen EuroVan, Mercury Villager, 
Nissan Quest; and Dodge Grand Caravan: 
One is the tallest* two are the widest, and 
one is the longest We tell you which is which 
and which is the best 





90 

The little engine that could 

This one-cylinder four-cycle gas-powered engine is 
lightweight enough for hand-held outdoor power 
equipment—and clean enough for stringent emissions 
standards that are coming soon. 
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Reprinted from POPULAR SCIENCE with permission 
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says Ryobi senior vice president 
William McLay. a First,~it had to meet 
California's emissions standards. 
Second, it could not be any heavier 
than current two-cycle engines. 
Third, it couldn't cost significantly 
more than high-end engines. And we 
feel that the CleanAir engine meets 
these parameters." 

In theory, building a small four-cycle 
engine might not seem difficult, but in 
reality Ryobi faced numerous design 
and manufacturing hurdles. Today's 
small four-cycle engines normally 
weigh 40 pounds and generate about 
3.5 horsepower. The CleanAir engine, 
in comparison, weighs just eight 
pounds and generates one horsepower. 
Such dramatic downsizing required 
smaller components; some parts, such 
as the valves, didn't exist and had to 
be designed and manufactured specifi- 
cally for this engine. 

Still, industry experts are cautious 
when discussing the engine. There's 
no magic here," remarks Glenn Keller 
of the Engine Manufacturers Associ- 
ation in Chicago. While he acknowl- 
edges the difficulties in design, he 
sums that "Ryobi has just miniatur- 
ized everything " 
A logical analysis in the broad sense, 
cw auuiuoiioi researcn indicates 
something of an underestimate of the 
^cleverness of the Ryobi engine design, 
ouch a simplistic engine-shrinking 
could certainly have produced the low 



emissions levels and perhaps the nec- 
essary power output, but doubtfully 
could have done it at a competitive 
manufacturing cost Here the Clean- 
Air engine demonstrates some unique 
design solutions that give it a clear 
edge, at least for the time being. 

"We are aware— at least it's rumored 
in the industry— that other manufac- 
turers have made small four-cycle en- 
gines," McLay says. "But they're either 
polluting or very costly or too heavy." 
Likewise, tiny four-cycle engines used 
in another application — model air- 
planes— <Iont fit the bill for ninning 
trimmers and blowers. "That's a whole 
different power class," says McLay. 

To operate a grass trimmer, he 
explains, a small four-cycle en- 
gine must turn at about 7,000 
or 8,000 rpm — twice the 6peed of a 
mower-type engine. Increasing speed 
means increased heat, and possibly in- 
creased wear on engine parts. 
Although McLay wont reveal the met- 
allurgy processes that were employed 
("We hope it will take a while for our 
competitors to figure it out," he says), 
he does allude to alloys, heat-treating 
methods, and materials chosen for 
their lubricity. 

To keep engine temperatures down, 
Ryobi engineers worked out an unusu- 
al two-piece cylinder head consisting of 
a lower casting that houses the com- 
bustion chamber and an upper section 



that encloses the rocker arms used to 
open the valves. This design permits 
cooling fins to be placed strategically 
next to some of the hottest areas of the 
engine— the exhaust valve and bridge 
area between the valves. 

For all of the development effort 
Ryobi invested in it, the CleanAir en- 
gine must still be competitive with oth- 
er products if it is to sell in the 49 
states that don't have emissions regu- 
lations yet (The EPA is reviewing 
emissions data of so-called utility en- 
gines; nationwide regulations may be 
announced by the end of 1993.) 

"Only certain people will buy a prod- 
uct because it is environmentally 
friendly," McLay acknowledges. Per- 
formance, he maintains will be a ma- 
jor selling point 

The most significant benefit con- 
sumers will find is the more consistent 
power produced by four-strokes. "Hie 
characteristic of a two-cycle engine is - 
that it has to be very high on the rpm 
curve to get the most torque output,* 
he explains. "But a four-cycle has a 
flatter curve, so when the engine is 
working hard, it still produces the 
torque. As rpm drops, torque doesn't 
drop much at all." 

Another plus inherent in u fnmcwfa 
engine is that.it doesn't require a gas- 
oil mixture. Instead, lubricant is dis- 
tributed by a dipper at the end of the 
connecting rod — the conventional 
[Continued on page 96) 
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Hie little engine that could 

[Continued from page 92] 

splash-type system used in small four- 
cycles— which Ryobi claims will be ef- 
fective even with the engine running 
inverted. By itself, it would seem un- 
likely that the dipper system could 
possibly live up to that assertion. That 
is, until you learn that both ends of the 
connecting rod ride on caged roller 
bearings (rather than conventional in- 
sert shells), which get along fine on 
very small amounts of oil. As a side 
benefit, the weight, cost, and power 



drain of an oU-circulating pump have 
been eliminated. 

The caged roller bearings are fitted 
into a steel connecting rod that is built 
up from two separate stampings, 
rather than the usual casting or forg- 
ing. The stamped parts are left and 
right sections; there is no separate 
bearing cap at the bottom end. This 
construction technique requires that 
the crankshaft be pressed together 
from individual pieces for ease of as- 
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sembly, and here again Ryobi breaks 
from tradition by using a stamped 
counterweight section mated to a sim- 
ple steel output shaft. Additionally, 
overall engine weight is kept low by 
the crankshaft's cantilevered design; 
the engine is supported in ball bear- 
ings only on the flywheel side, ending 
abruptly at the connecting rod. 

The enlightened engineering 
doesn't end there, either, lb eliminate 
a heavy iron cylinder sleeve, the 
CieanAir engine is built with a long- 
lasting, flash-chromed aluminum 
cylinder bore. The valve train operates 
from one .cam lobe, using an ingenious 
follower mechanism that simultane- 
ously converts the cam's rotation to 
the required reriprocating motion and 
also turns the action 90 degrees to line 
up with the ball-pivot rocker arms. 

In addition to exhaust emissions, 
Ryobi addressed another form of pol- 
lution: noise. While the CieanAir en- 
gine's noise level is only a few decibels 
less than most engines, the biggest 
difference is its deeper pitch. "The im- 
provement is the quality of the 
sound," says McLay. "High-pitched 
sounds and lower-pitched sounds at 
the same decibel level are two differ- 
ent experiences to the human ear." 

Computer-aided-design technology 
played a major role in this process. 
"We incorporated a large-volume muf- 
fler, but what's more, we used comput- 
er-aided design to create noise-cancel- 
ing baffling " he says, lb reduce the 
noise generated by the gear drive, en- 
gineers designed gear profiles that 
would operate more quietly and then 
manufactured the gears in a pow- 
dered-metal material that provides 
some advantage in sound damping. 

Now engineers are ironing out the 
last details, including smoothing the 
engine's vibrations. "We're still fine- 
tuning that," says McLay. "Four-cycle 
engines tend to vibrate more than 
two-cycles because they fire every oth- 
er stroke " 

A 1994 debut 

The CieanAir engine will be manu- 
factured almost entirely in Arizona 
and will first appear in a hand-held 
grass trimmer at the industry's expo- 
sition this summer in Louisville, Ky. 
Consumers can expect to see that 
product on store shelves in the first 
part of 1994. Meanwhile, McLay says 
Ryobi will consider applying the tech- 
nology to other outdoor power tool 
products, such as brush cutters, culti- 
vators, and leaf blowers, as well as li- 
censing the engine to manufacturers 
of water pumps, mowers, and high- 
power washers. H3 
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